Generally, the pancreas, thyroid, heart and skeletal muscle are not afflicted by tuberculosis [3] . The first reported case of myocardial tuberculosis was by Maurocordat in 1664, followed almost a century later in 1761 in a report by from Morgagni [4] . In South Africa, Rose (1987) reported on 19 cases of TB of the myocardium, diagnosed at autopsy over a period of 27 years (representing 0.14% of autopsied deaths) [5] . The first reported case of sudden cardiac death (SCD) due to TB was in 1977 by Behr et al. [6] . In 2012, Liu et al. referred to 7 reported cases in the literature of SCD and TB and proposed criteria for the diagnosis of cardiac tuberculosis [7] . We present a case report of myocardial TB in an apparently healthy 35 year old male who died suddenly while driving his car. The problems associated with the diagnosis of TB of the myocardium and an overview of the relevant literature are provided.
Case report
The body of a 35 year old adult African male was admitted to our medico-legal mortuary, the deceased having been the driver of a motor vehicle which had apparently inexplicably veered off the road and collided with a tree at relatively low speed. No specific history of prior cardiac problems or other underlying medical conditions could be established.
At autopsy the deceased was well-nourished, measuring 1,8m in length and with a body mass of 108kg.
There were no external injuries. Internal examination revealed a grossly enlarged heart with a mass of 540g, but with only modestly increased epicardial fat deposits. Further dissection revealed extensive, partially confluent yellow to white nodular infiltrates involving the walls of all cardiac chambers. The nodules varied from 5 to 15mm in diameter and had a firm, rubbery consistency (Fig. 1) . Macroscopically the lungs and kidneys showed no overt signs of disease, but sectioning of the spleen revealed multiple small white parenchymal nodules measuring 1-2mm in diameter, in keeping with miliary TB. (Fig. 2) . Histological examination of the kidneys showed no abnormalities with no granulomas present but histology of the lungs and spleen revealed a similar granulomatous inflammatory process as seen in the heart. The histological examination of the lung and spleen is depicted in fig 3 and 4 . However, multiple attempts at demonstrating acid-fast bacilli (AFB) from several sites of the myocardium by using the ZiehlNeelsen (ZN) stain were unsuccessful (Fig. 5) . The Pas stain on the myocardial tissue was negative (Fig. 6 ). ZN staining of the lungs and spleen were also negative. A polymerase chain reaction (PCR)
for Mycobacterium tuberculosis was further performed on formalin-fixed paraffin-embedded (FFPE) tissue but again a negative result ensued. Despite the negative outcome of the special investigations and based primarily on the macroscopic and histological findings, a final diagnosis of TB with involvement of the myocardium was made.
Discussion
The incidence of myocardial TB has not been reliably established. Reasons for relative sparing of the myocardium include reference to the statement by Raviart regarding the protective effect of lactic acid produced by muscular activity of the myocardium [3, 8] . According to Wallis et al., TB spreads to the myocardium by one of three methods: direct extension, retrograde spread via lymphatics from the mediastinal lymph nodes or by hematogenous route (from miliary disease) [11] . In 1935 Horn and Shaphir described 3 histological types of myocardial TB: a diffuse infiltrative type with numerous lymphocytes and giant cells, a miliary type due to hematogenous spread and lastly a nodular type (tuberculoma) with a central area of caseous necrosis [4] . Momtahen et al. and Kapoor et al. reported that tuberculomas tend to occur more in the right side of the heart, especially involving the atrium [9, 10] . Despite the extremely high prevalence of TB in the South African population, TB of the myocardium remains a rarely reported entity. Dada et al. (2000) described a case of sudden death in a 25-year old who died whilst playing soccer [12] , while Njovane described 2 further cases in 2009 [13] .
Despite the typical histological appearance of TB with granulomata, caseating necrosis and Langhans type giant cells, the confirmatory tests -including ZN staining and PCR -often appear to be inconclusive. Other infective disease processes which could result in granulomata within the myocardium include viral, fungal and bacterial infections, as well as parasitic infestations and Whipple's disease [14] . Sarcoidosis is more prevalent amongst females than males. Only 5% of patients with cardiac sarcoidosis have clinical symptoms and in 40-50% of cases where autopsy will reveal the entity, the diagnosis was made during life. [15] The lesions seen in sarcoidosis consists of a discrete non-caseous granulomata with numerous lymphocytes at the border. [15, 16] [6, 11, 12, 13] .
Lui et al. indicate that in approximately 50% of SCD cases due to TB, the ZN stains were negative [7] .
A DNA target size and that failure of amplification of DNA from these tissues could be due to inhibitors which could be endogenous or due to the fixation process [23] . They concluded that a negative PCR does not exclude the diagnosis of TB [23] . In 2005, Schewe et al. indicated that the formalin used in the fixation process could damage DNA due to either fragmentation or cross-linkage and that -in the processing and preparation for the PCR -small sequences should be amplified and that the reaction periods of the PCR cycles must be longer [24] . In the same year, Azov et al. indicated that false negative PCR results can be due to inaccessible or suboptimal DNA in FFPE and developed a nested PCR reaction for FFPE tissue which showed a 100% sensitivity and specificity for M tuberculosis [25] . Liu et al. (2012) proposed a classification system for diagnosing myocardial TB, using major and minor criteria [7] . Major criteria include positive PCR on myocardial tissue, positive TB culture from myocardial tissue sampling and positive acid-fast bacilli on myocardial tissue. Minor criteria include granulomata in myocardial tissue, miliary TB in more than one organ and a positive radiological image (MRI). The authors propose that the presence of 2 or more major criteria or a major and 2 or more minor criteria will justify the diagnosis of myocardial TB [7] . Whilst we agree with such an approach, the proposed diagnostic criteria may not be practical in countries with limited financial and technical resources. In India, Amonkar et al. (2000) described a case of myocardial TB where the ZN staining was negative. In 2010, Kanchan et al. reported on a second case of myocardial TB in India [27] . In their case study, no macroscopic abnormalities were noted to the myocardium but the histological features were in keeping with TB. In this case the ZN stain wasv also negative and the authors indicated that PCR could not be done due to lack of facilities but concluded that the diagnosis of TB was justified in view of the classic histological features and the absence of other disease [25] . We therefore support the efforts to introduce diagnostic criteria to assist in the standardisation of the diagnosis, but suggest that the presence of classical histological features should perhaps feature as one of the major criteria.
Conclusions
TB of the myocardium is rare and difficult to diagnose with certainty. Briedrzycki et al. stated that "unpredictable patterns of presentations and challenges, both clinical and pathological" are present in the diagnosis of myocardial TB [21] . Introducing specific diagnostic criteria would therefore assist in standardising the diagnosis internationally, perhaps allowing for a more reliable assessment of the prevalence of this often fatal form of the disease. However, as the burden of disease is greatest in resource poor countries, the use of diagnostic criteria as proposed by Lui et al. may result in substantial underreporting of these cases [7] .
Authors' contributions
LdTP conducted the post mortem examination, requested the special investigations and conducted the literature review, LdTP and GS wrote the article, GS critically reviewed the final manuscript. Both authors are guarantors of the paper.
Acknowledgement

None
Funding
No funding was used for this case report -the special staining techniques and PCR was done as per routine investigation of the cases.
Competing interests
None
